Abstract
INTRODUCTION
Although the Cu-In-Sn system has been studied a lot and there are the phase diagrams which have been calculated [1] [2] [3] [4] [5] [6] , there always is a need for more investigations and calculations in order to expand the existing data.
Phase equilibria for the system Cu-In-Sn was investigated by Liu et al. [6] , who used the experimental results (differential scanning calorimetry and optical microscopy) and optimized values for binary systems. The liquidus projection for the Cu-In-Sn system and 8 isotermal sections at 110-900°C were given by them [6] . Contribution to the phase equilibria in this ternary system was also given by Milosavljević et al. [7] , who determined the phase diagram of section with Cu:In = 1 : 9 in the Sn-In-Cu ternary system, based on thermal analysis and scanning electron microscopy with the energy dispersive X-ray data and applied calcula tion of phase diagrams method (CALP-HAD).
A. T. Dinsdale and A. Watson systematized the results obtained for various solder systems in the atlas of phase diagrams [8] , and the Cu-In-Sn as one as potential of ecological solder systems is among them, too. The thermodynamic prediction of the Cu-InSn system is performed based on parameters for constitutive binary systems which are included in large COST531 database [9] .
THEORETICAL FUNDAMENTALS
Knowledge of the thermodynamic properties of a system has practical and scientific significance. On the basis of thermodynamic values, behaviour of components can be defined in the test system. Due to these reasons, in order to predict the thermodynamic properties of multicomponent system, the mathematical models were developed based on the characteristics of the elements or components of the system. Also, the adequacy of the applied mathematical models is possible to determine by comparative analysis of the calculated values, with no experimental measurements to test the system.
Basic mathematical interpretation of these models is based on the Gibbs energy for the multicomponent system calculated in dependence of the Gibbs energy of the bi nary system. In this way, at any point in the isothermal section of the multicom-ponent system an excess of the integral molar Gibbs energy can be determined using values of integral molar excess Gibbs energy for constitutive binary systems. There are usually two kinds of models which are popular for description of ternary systems. These are geometrical models symmetric [10] and asymmetric [11] models.
The basic equations of these predicting models are given as follows:
Toop model: 
In both equations corresponds to the integral molar excess Gibbs energy for ternary system, while X 1 , X 2 , X 3 correspond to the mole fraction of components in investigated system. Integral molar excess Gibbs energies for constitutive binary systems, 
RESULTS AND DISCUSSION
In this paper, the thermodynamic properties for the ternary Cu-In-Sn system are calculated for the sections with constant molar ratio In:Cu=1:1, 1:4, 4:1 and 9:1 at 873K up to 1673 K and by different models Kohler [10] [11] .
In order to present all calculated values for integral and partial molar excess of the Gibbs energies, as well as activities of tin, the results of this thermodynamic properties are given in form of diagrams in Figures  1-3 Figure 1 shows the dependence of integral molar Gibbs energy for Cu-In-Sn system for all sections, and at 873 K as well as 1673 K. It should be noted that the increase of temperature does not significantly affect the excess Gibbs energy dependence of composition.
Kohler method
Tin activities for all examined temperatures and almost all the sections are Both models show good results, so that is a question which one better describe those Cu-In-Sn alloys. Considering the fact that Popović et al. [12] experimentally obtained indium activity in this system at 1173 K, and the calculated values for the same are obtained by Milosavljević [13] , it seems to be that the best agreement shows the Kohler method. Calculated values for indium activity by the Toop model [13] showed absolutely disagreement with experimentally obtained activities for the Cu-In-Sn alloys [12] . Therefore, it can be confirmed that the better one is symmetric type of predicted model.
CONCLUSIONS
The results of thermodynamic prediction presented in this paper included values of thermodynamic properties which are calculated using by geometric solution models in wide temperature range from 873 up to 1673 K. Therefore the Kohler and Toop models were used in order to obtained integral and partial molar excess of the Gibbs energies and tin activities for investigated sections in Cu-In-Sn system.
As a potential candidate for ecological solder alloy, the Cu-In-Sn system needs to be well investigated, so these calculated thermodynamic quantities of chosen alloys enabling better understanding and expansion of existing database for this kind of alloys. The application of symmetric models for thermodynamic prediction is confirmed with calculations as well as experimentally.
